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Intr oduction: Volcanic plumeson lo consistmainly of
SO, gas,but aremadevisible by the presencef eithernon-
volatile dustor condensegarticles. Photometricstudiesof
oneplume(Loki) by Collins[1] indicatethatparticlesof sizes
from 0.01 m to 1000 um arepresent.Stromand Schneider
[2] suggestedhatthe bright ervelopethatappearedn the ul-
traviolet brightnesdmagesof lo’s largestvolcano,Pele,may
betheresultof aconcentratiorof particlesatashockfront. In
the presentwork the direct simulationMonte Carlo (DSMC)
methodis usedto shav that dustparticulatesup to 0.1 pm
canreachthe canopy shock. A computationabverlay tech-
nigueis usedto examinethefeasibility of condensingolatiles
forming the entrainedparticulatesobsered in 1o’s volcanic
plumes. Preliminaryresultsshav thatit may be possibleto
form condensatesf 0.1um attheshockfront.

Model: Thevolcanicplumeis assumedo beaxisymmet-
ric, have a uniform vent velocity of 1 km/s, and emege in
thermalequilibrium at 650 K. The assumedrent diameteris
16 km for the currentsimulation;the effectsof a smallervent
diametemwill bepresentedh theposter More detailaboutthe
rarefiedgasdynamicsmodelmaybefoundin [3].

A computationabverlaymethodjn whichtheparticlesare
treatedasa separatespeciesis usedto modelthe gas/particle
flow. Wedistinguishbetweennertdustgrainscorvectedalong
with the flow (via a free moleculardrag coeficient) and ac-
tively growing condensatelusters(treatedsimply as large
molecules).For dust,dragon the particlesis calculatedrom
apre-calculatedrozengasflowfield andthe dustparticlesare
allowed to move accordingly;implicit in this methodis the
assumptiorthatthe particleshave no effect on the overall gas
flow (low dustmasdoading). The Knudsemumberbasedn
the diameterof the particulateis 10°-10° for micron sized
particlesandso it is reasonabldo assumea free-molecular
dragcoeficient (eqn. 7.71in [4]). The particulatesarealso
assumedo be cold, spherical have a densityof 1500kg/m?,
andbedilute enoughsothatthey would not collide with each
other

Thegrowing clustershowever, arerepresentedsa sepa-
ratespeciesn the DSMC overlay method,andclustergrowth
occursin the plumevia monomesclustercollisions. Theclus-
ter speciescollideseitherelasticallyor inelasticallywith the
gasmoleculesn apre-calculateflowfield. Duringacollision,
a sticking coeficient, 0<a<1, is comparedagainsta random
numberto determingf themonomemill congealinelastically
ontotheclusteror collide elastically The sticking coeficient
could,in principle,beafunctionof severalvariablesncluding
relativecollisionvelocity, clustersize andinternalclustertem-
perature.In thatthesedependencieare unknavn, the range
overwhicha couldproduceclustersizeshoughtto existin the
plumes shockfront is examinedparametrically In orderto
determinghe maximumpossibleclustersizefor agivenclus-
ter density the sticking coeficient is setto one. It is further
assumedhat the clusterscongealecastight pacled spheres

asopposedo diffusesnavflakes(ascouldbethe case).This
meantthat the clustersformed would have as small a cross
sectionas possibleand thereforesufer the fewest collisions
possiblerepresentinghe lower limit of condensatsizesthat
couldbeproduced.

Results: Exampledustresultsareshavn in Figs. 1 and2.
Figurelillustratesheshapeof thegasandparticlejets. Fig. 2
shavsthetrajectorie®f thedustin theplume. A concentration
of particlesat or nearthe canopy shockclearly appearsor
0.01 um particlesas a resultof the deceleratiorof particles
nearthe shock. The 0.1 um particles,however, are heavier
andthereforetheincreasednertiaallows the dustto rise well
abore and then fall back throughthe shock. Theseresults
provide strongsupporto StromandSchneides suggestioras
to the causeof the bright envelopeappearingn theultraviolet
smoothedrightnessmagesof Pele.

Fig. 3 shaws the trajectoriesof several clustersfor an
a=0.1. Thetrajectoriesare qualitatively the similar to those
of the 0.05m dust(Fig. 2). Theclusterslike thedust,pass
throughthe gasshockandcontinueup to an altitudeof 350
km andthenfall back throughthe shock; however, they do
not form a distinctundersidecanoyy. Thereforetheclusters
behaior seemdo indicatethatthey arelargerthan0.05um
at the shock. Also, Fig. 3 shavs thatthe moleculescreated
further from the vent centertendedto intersectthe shockat
largerR. The clustersizeasa functionof altitudeis shawvn in
Fig. 4 for two valuesof a.. For a sticking coeficient of 0.1,
the sizeof a representate clusterat its maximumaltitudeis
seento beapproximatelyd.05pm. Furthermorethe majority
of clustergrowth is seernto occurin thefirst 50 km (wherethe
gasdensityis greatestwith a secondsmallergronth period
comingattheshock.As onewould expect,for a=1thecluster
grows muchfasterandthefinal sizeis larger, thoughthesame
generaltrendis obsened in both cases. An ideaof the size
distribution along the shockfront canalso be obtainedfrom
Fig. 4: thelargestparticlesarethosewhich spendthe most
time in thedenseplumecorealongthe symmetryaxis.

Fig. 5 shaws the dependencef the averageclustersize
upona at a constantaltitude (300 km) just belav the shock.
For smalla the growing clusterescapeshe densecoreof the
plumebeforegrowing appreciablyandthereforethefinal size
is very small; however, asa increaseghe growth is limited
moreby thetime spentin thecoreregion ratherthanthevalue
of a. It appearghatevenif a=1, the clusterscannotgrow
largerthan 0.1 um. If largergrainsareobsenred, they likely
containnorvolatile materialor arediffusesnonflakes.
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Figurel: Shapeof the gasanddustparticlejets for different
particlesizes:d=0.03um (top) andd=0.1um (bottom). Note
that particle locationsare representedby small dots and the
blue contoursindicategasdensityfield. A gasshockoccursat
310km and dust concentratiorfeaturesmay occur at widely
differentaltitudes.

Figure2: Trajectoryof differentsizedustparticles(d = 0.01
pm (top)and0.05um (bottom))with insetsshaving thevicin-
ity of the canoly shocknearthe symmetryaxis. Note the
depositionring’s size dependencen the dustsize. The gas
densitycontoursarethe sameasin Fig. 1

Figure3: Trajectoryof differentcondensate@y=0.1) with in-
setshawing the vicinity of the canopy shock(blue) nearthe
symmetryaxis. The gasdensitycontoursarethe sameasin
Fig. 1

Particle from vent center
0.15

o 0.1+
i \ Particle from vent edge

0.05 ] - $
1.4~ &
X

Figure4: Condensatsizevs. Altitude for varyinginitial con-
densateadial positionsattheventandtwo differentvaluesof
a. GreenLinesarea=1, Redarea=0.1.
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Figure5: Averagecondensataizevs. a at the shock. The
barsrepresentherangeof sizesobtained.
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